Background. We prospectively assessed the incidence, risk factors, and costs associated with wound complications and lymphedema in melanoma patients undergoing inguinal lymph node dissection (ILND). Materials and Methods. A total of 53 melanoma patients were accrued to 2 trials (June 2005 to July 2008) that included prospective evaluations of postoperative complications; 30-day wound complications included infection, seroma, and/or dehiscence. There were 20 patients who underwent limb volume measurement and completed a 19-item lymphedema symptom assessment questionnaire preoperatively and 3 months postoperatively. A multivariate analysis was performed to evaluate potential risk factors for complications. A microcosting analysis was also performed to evaluate the direct costs associated with wound complications. Results. The 30-day wound complications were noted in 77.4% of patients. A BMI C 30 (n = 28) increased the risk for wound complications (odds ratio [OR] = 11.4, 95% confidence interval [95%CI] 1.6-78.5, P = .01), while advanced nodal disease approached significance (OR = 9.0, 95%CI: 0.79-103.1, P = .08). Other risk factors, including diabetes, smoking, and the addition of a deep pelvic (iliac/obturator) dissection to ILND, were not significant. Of 20 patients, 9 (45%) developed limb volume change (LVC) C5% at 3 months, with associated mean symptom scores of 6.1 versus 4.6 for those without LVC.
Therapeutic lymphadenectomy is the standard treatment for patients with node-positive melanoma and has been shown to improve outcomes in some patients. [1] [2] [3] [4] However, inguinal lymph node dissection (ILND) has been associated with significant postoperative morbidity including infections, skin flap complications, and lower extremity lymphedema and often leads to extended length of hospitalization, reduced quality of life, and delayed return to normal activities. [5] [6] [7] [8] [9] The need for additional surgical interventions in subsets of patients involving reconstruction or grafting to treat wound dehiscence and skin necrosis following ILND has also been described. [10] [11] [12] [13] Some studies have noted the incidence of short-term (30-day) and longterm (beyond 30-day) morbidity to be as high as 75%. 8, 9, 14, 15 Previous studies on ILND have primarily been retrospective in design and have reported various risk factors for postoperative complications, including medical comorbidities, pre-existing surgical incisions, obesity, and locally advanced disease. 13, [16] [17] [18] [19] [20] [21] Bouchot et al. found that medical comorbidity defined by the American Society of Anesthesiologists (ASA) as grade III or greater was a predictive factor for wound complications. 19 Shaw et al. found that previous surgical incisions from open lymph node biopsies prior to ILND were associated with 2 to 3 times the incidence of wound infections (33% vs 13%) and lymphedema (24% vs 13%) when compared with preoperative lymph node fine-needle aspiration (FNA). 18 Sabel et al. found that obesity was a significant risk factor for wound complications (odds ratio [OR] = 1.11, 95% confidence interval [95% CI] 1.05-1.17, P = .0004), and that patients undergoing ILND for clinically palpable disease had more complications than those undergoing ILND for a positive sentinel node (OR = 2.28, 95% CI 1.07-4.88, P = 0.03). 20 Likewise, Serpell et al. found that advanced disease was a significant risk factor, as the median size of largest involved node was associated with wound complications with an OR of 1.17 (P = .05), and when Rouzier et al. compared the incidence of postoperative cellulitis following ILND in obese and nonobese patients, the difference was significant (32.1% vs. 21 .1%, P = .02). 13, 17 In this study, we prospectively examined the incidence and risk factors associated with postoperative morbidity following ILND. Specifically, the incidence of 30-day complications defined as infection requiring antibiotics, clinically apparent seroma, and/or poor wound healing (dehiscence) were examined along with the 90-day incidence of lymphedema and associated symptoms. A microcosting analysis was also performed to assess the direct costs associated with these complications.
METHODS
A total of 53 melanoma patients undergoing ILND were accrued to 2 clinical trials approved by the institutional review board at a single, tertiary cancer center. The first trial, completed in 2007, was designed to assess the effects of fibrin glue administration on the amount and duration of postoperative drain output following ILND. 22 The primary objective of the second trial, which is ongoing, is to examine limb volume change (lymphedema) and quality of life after sentinel lymph node biopsy or lymph node dissection in patients with melanoma. Both trials included a prospective assessment of postoperative wound complications as well as demographic, clinical, treatment, and follow-up data. All patients underwent ILND, while some underwent a deep dissection that includes the iliac and obturator nodes. In concordance with institutional standards, all patients received preoperative prophylactic antibiotics. Jackson-Pratt drains were used in the wound cavity and remained in place until drain output was\30 ml per day for 48 hours averaging 3-4 weeks.
Wound Complications
Wound complications were defined in this study as wound infections, clinically relevant seromas, or wound dehiscences occurring within the 30 days of ILND. Each complication was further characterized as major or minor according to the extent of wound-related therapy required. Minor infections, as determined by the primary surgeon, were treated with oral antibiotics on an outpatient basis. Major infections required hospitalization and the administration of intravenous antibiotics or an intervention such as incision and drainage. Any seroma that was apparent on physical examination following routine postoperative drain removal was noted. Minor seromas were defined as those observed or managed by aspiration in the clinic setting. Major seromas were defined as those treated with either percutaneous drain placement or surgical incision and drainage. Wound dehiscence was defined as poor wound healing with a measured defect of at least 1 cm. Minor wound dehiscences were defined as those treated with local wound care consisting of packing or a hydrating dermal wound dressing gel. Major wound dehiscences were defined as those treated with a vacuum-assisted closure device. All wound dehiscences in this series healed secondarily, and none required skin grafting.
Lymphedema
Lymphedema was assessed qualitatively in 47 patients during routine follow-up clinic visits at approximately 3 months following surgery. Lymphedema was classified as none, mild, moderate, or severe according to criteria proposed by the NCI Common Toxicity Criteria (CTC) version 2.0. 23 Postoperative qualitative assessments were unavailable for 6 patients who had postoperative follow-up outside of our institution. Quantitative measures of limb volume were performed in 20 patients using a perometer, which is an optoelectronic volumetric device (Juzo 1000M, Cuyahoga Falls, OH). For these patients, limb volume change for the affected limb was calculated as: volume percent (%) change = (postoperative limb volume -preoperative limb volume)/preoperative limb volume. In patients who underwent bilateral ILND (n = 3), the limb with the greatest volume change was reported. In addition, a 19-item lymphedema symptom assessment questionnaire that was modified from a validated Lymphedema Breast Cancer Questionnaire (LBCQ) was administered preoperatively and at the time of limb volume assessment. 24, 25 Costs A microcosting analysis was performed for all of the patients in the study (n = 53) using institutional financial reports. The analysis included 30-day postoperative direct costs; professional and nonprofessional postoperative costs, excluding costs for the initial surgical procedure (i.e., operating room, pathology, and the postanesthesia care unit), were calculated. Inpatient costs included room/board, pharmacy, and other services (e.g., laboratory, imaging, diagnostic studies, physical therapy, occupational therapy, respiratory therapy, equipment, and supplies). Outpatient costs included clinic visits, emergency room visits, materials, and procedures for wound-related complications. Outpatient costs incurred for clinic visits, imaging, and procedures not related to ILND or wound complications were excluded (e.g., routine staging imaging and laboratory costs).
Analysis
Patients were stratified into 3 groups based on complications (major, minor, and no complications), and outcomes were compared. A univariate risk analysis was carried out for all clinical, treatment, and pathologic factors for each of these groups to identify factors to be included in the multivariate model. Logistic regression analysis was performed to determine the significant risk factors associated with postoperative wound complications. Median costs were calculated for patients with and without wound complications, and the Wilcoxon rank sum test was used to assess cost differences between the 2 groups. All statistical analyses were performed using STATA/SE 9.2 for Windows (StataCorp LP, College Station, TX).
RESULTS
The clinical and pathologic characteristics of the cohort are summarized in Table 1 . The majority of patients (n = 28, 52.8%) had a BMI C30 kg/m 2 . Regarding surgical treatment, 30 (56.6%) patients had a deep iliac/ obturator lymph node dissection in addition to an ILND (Table 2 ). Most patients (n = 38, 71.7%) underwent a sartorius flap transposition, and the saphenous vein was spared in 16 patients (30.2%). The median number of lymph nodes removed was 17; the median number of positive lymph nodes was 1; 22.6% of patients had C4 positive lymph nodes. There were 29 patients (54.7%) who were determined to have pathologically confirmed extracapsular nodal extension upon pathologic examination of their nodal specimens.
The overall incidence of 30-day wound complications (major and minor) was 77.4%. Of these, wound infection was the most common complication (n = 29, 54.7%) with nearly two-thirds of infections requiring intravenous antibiotics or less commonly an invasive intervention. Two patients required a second operation for the management of their wound infection. Wound dehiscence was the second most common complication (n = 28, 52.8%), but most of these were minor and required only dressing changes.
Seromas occurred in 28.3% of the cohort, with over a third of seromas leading to infections requiring either open incision and drainage or percutaneous drain placement. A univariate analysis assessing the odds of developing a complication was performed for age, comorbidity (e.g., tobacco use, diabetes), surgical procedure, number of positive nodes, and body mass index (BMI), and of these, BMI was the only statistically significant factor (OR = 4.7, 95% CI = 1.1-20.0, P = .04). For the multivariate analysis, the most significant prognostic factor was BMI (OR = 11.35, 95% CI: 1.6-78.5, P = .01), while disease stage approached significance (OR = 9.0, 95% CI: 0.8-103.1, P = .08) ( Table 3) .
Qualitative clinical assessment of lymphedema identified swelling in 40 of 47 patients (85%) assessable at 3 months after surgery. The majority of patients (53%) with observable limb volume change were classified as having mild swelling, while 26% had moderate swelling, and 6% had severe swelling. Quantitative assessment of limb volume using the perometer was performed preoperatively and at the 3-month follow-up visit in a total of 20 patients. Limb volume change was noted in 9 patients (45%) with 6 suggestive of mild lymphedema (5-9.9% volume change) and 3 suggestive of moderate lymphedema (C10% volume change) (Fig. 1) .
Symptom Assessment
Of the 20 patients with both quantitative and qualitative measures available, 14 had symptom assessment measures at the 3-month follow-up visit. When stratifying by limb volume change assessed quantitatively (i.e., perometry), patients with \5% limb volume change reported a mean symptom score of 4.6, while those with limb volume change greater than or equal to 5% reported a mean symptom score of 6.1. When stratifying patients by limb volume change assessed qualitatively, a few more patients reported mild to severe limb swelling. Four patients with no significant limb volume change reported a mean symptom score of 3.75, while the 10 patients with mild to severe swelling reported a mean symptom score of 6.00. A significantly greater proportion of symptoms were reported for patients with self-reported limb swelling (P = .047).
Cost Analysis
The unadjusted postoperative costs for patients with wound complications were compared with those without wound complications by cost categories to ascertain the types of services that contributed most to the observed difference(s). Table 4 shows the difference in total medical costs within a 30-day follow-up for patients with complications compared with those without complications. The median total cost for patients with complications was $8025, with a wide range of $3976 to $56,708. The median total cost for patients without complications was $5439, with a range of $4338 to $14,648. The difference in median direct costs for patients with complications and those without complications was $2586 (P = .02). Differences were primarily related to nonprofessional costs ($7969 vs $5400, P = .03), with hospital costs (room/board) as the largest contributor ($5955 vs $ 4207, P = .04). Pharmacy costs were also significantly higher (median cost per patient with complications $543 vs $320 per patient without complications, P = .03). Finally, nonprofessional outpatient costs were higher in the group with wound complications (median cost per patient $357 vs $244, P = .01).
DISCUSSION
In this prospective study of melanoma patients undergoing ILND, 77% of patients had postoperative complications; 55% developed infections (major or minor), and 53% had some degree of wound dehiscence. Obesity (BMI C 30 kg/m 2 ) increased the risk of wound complications by more than 11-fold, and patients with advanced nodal disease were also at increased risk of developing postoperative complications, although this did not reach statistical significance. Of note is that the addition of a deep iliac/obturator lymph node dissection to ILND did not result in increased wound complications. Early posttreatment lymphedema was common, with 85% of patients identified with mild to moderate limb swelling using qualitative assessment by 3 months after surgery. Quantitative assessment of limb volume change using a perometer in a subset of patients (n = 20) revealed that 45% of patients had a greater than 5% change in limb volume compared with preoperative baseline measures and reported 35% more symptoms on average. Finally, 30-day resource utilization as measured by direct costs associated with the care of patients with wound complications ranged from $3976 to $56,708 and on average were 1.5 times greater than the costs for patients with an uncomplicated postoperative course.
The overall incidence of postoperative complications following ILND in this study is higher than that reported in the literature (1990-2008) for patients with melanoma, genitourinary malignancies, or gynecologic malignancies (Table 5 ). This discrepancy can be attributed to several factors. Most importantly, the majority of published reports identified postoperative complications retrospectively. The two studies that examined complications prospectively reported an incidence of wound complication similar to those in this report. 17, 21 Coit et al. reported complications in 64% of patients following inguinal lymph node dissection, and the authors acknowledged that the overall incidence of complications may have been even higher, since postdischarge wound complications were not included in their analysis. 21 Serpell et al. also prospectively examined wound complications and reported an incidence of 71% following ILND. 17 The discrepancies in the incidence of reported complications in the majority of the remaining literature likely reflect the limitations of capturing complication data retrospectively.
The inclusive definitions for complications used in this prospective study clearly contribute to the high reported incidence. For example, patients with wound erythema are often treated with antibiotics and in this study were categorized as having had a wound infection, regardless of wound cultures or systemic signs of infection. Similarly, patients presenting with wound breakdown of C1 cm were included as having wound dehiscence; in contrast, other studies have used less-inclusive criteria, defining dehiscence as breakdown of C25-30% of the length of the wound. 13, 26 A third explanation for the high incidence of complications observed in our study is that the majority of our patients were obese. It is well established that obesity significantly increases the risk of wound complications. 5, 13, [19] [20] [21] 27 Most of the retrospective studies examining complications following ILND did not specify the number of obese patients. Given the modern epidemic of obesity in the general population, it is possible that contemporary patients are more obese than those who underwent ILND in the 1970s and 1980s. 28, 29 Also, studies conducted in Japan or Europe likely comprise patients with lower BMI than American patients; for example, the mean BMI for Japanese patients included in the study by Tonouchi et al. was 22.5 kg/m 2 , in contrast to the median BMI of 30.8 kg/m 2 in the current study. 9 Indications for ILND have changed over time, with possible implications resulting from an increased number of surgical interventions performed and also for the burden of disease. Historically, ILND would have been the first operation performed in the inguinal region, either for patients with a high-risk primary melanoma meeting the indications for an elective lymph node dissection (ELND), or for patients with clinically palpable disease undergoing a therapeutic lymph node dissection (TLND). 30 Current practice standards recommend sentinel lymph node biopsy for patients with intermediate risk primary melanomas or needle/excisional biopsy for patients with clinically detectable nodal disease followed by selective ILND; for patients with positive nodes, this results in 2 operations. 31 Multiple surgical interventions in the same anatomic region over a period of weeks, particularly with complicated healing of the initial wound, potentially contribute to an increased risk of subsequent wound complications. 8, 18 The incidence of postoperative complications following ILND is higher than for nodal dissections in other anatomic regions and is also higher than that expected for a typical ''clean'' operation (1-5%). 17, 18, 32, 33 Explanations that have been proposed for the increased incidence of wound complications associated with ILND include greater lymphatic flow in the inguinal nodes compared with axillary or cervical nodes, greater surface area associated with the dissection, relatively poor vascular supply to the skin and subcutaneous tissues in the region, surgical technique related to the relatively thin skin flaps routinely employed in ILND, density and pathogenicity of the flora of the inguinal region, and difficulty maintaining hygiene in this region, particularly in obese patients. 17, 18, 21, [34] [35] [36] [37] Concerns have been raised about the potential for increased morbidity in patients undergoing an associated deep (iliac/obturator) lymph node dissection. 1, 3 In this analysis, the addition of iliac/obturator lymph node dissection to ILND did not significantly increase the risk for postoperative wound complications. These findings are in concordance with those reported by several groups comparing complication rates from ILND when stratifying by the extent of surgery (i.e., superficial ILND vs combined ILND and iliac/obturator lymph node dissection), as they did not find a significant difference between these groups. 3, [38] [39] [40] Lymphedema was more common after ILND alone in some studies, but 1 study specifically examining the incidence of lymphedema found no difference between the two procedures. 3, 5, 20, 41 There continues to be a lack of consensus about the complications of deep LND, and we suggest that when clinically indicated, concern about increased morbidity should not be a reason to avoid an iliac/obturator lymph node dissection. 42 Secondary lymphedema is a chronic, progressive condition that can occur following lymph node dissection for melanoma or other malignancies. 20, 38, 39 The relationship between early wound complications and the increased risk for the subsequent development of lymphedema has been noted. 9, 26, 43 In our study, we noted that 45% of patients developed limb volume changes, and up to 85% had subjective swelling at approximately 3 months after surgery. The apparent increased sensitivity of the qualitative assessment potentially reflects the important prognostic role of patient symptom reporting in predicting subsequent quantitatively observable limb volume change. 24 Given that the median onset of lymphedema has been reported to be at 18-24 months following surgery, our report likely underestimates the true incidence following ILND. 44 Lymphedema is one of the primary endpoints of an ongoing longitudinal study at our institution. We anticipate that at the conclusion of that study we will have a better understanding of the natural history of lymphedema in our melanoma population.
There are several aspects of this study that set it apart from previous reports. The prospective nature of the study enables us to capture more accurate clinical data that may have been missed in retrospective evaluations. In addition to reporting the 30-day incidence of wound complications, our study estimated the costs of postoperative complications by comparing direct medical costs between those with complications and those without. Increased length of hospital stay, more frequent readmissions, and increased overall costs associated with postoperative wound infections have been well documented in other areas. [45] [46] [47] [48] Tracking postdischarge complications has increasingly been recognized as critical to assessing overall resource utilization, particularly in an era of shorter hospital stays. 49 There are also several limitations associated with the study presented, including the relatively small sample size. By limiting our analysis to patients accrued prospectively to clinical trials rather than retrospectively examining all patients who had undergone ILND, our statistical power is limited. It is possible that with a larger cohort, risk factors associated with comorbidities such as diabetes and current tobacco use may have been significant. Our primary analysis was also limited to 30-day complications, which may not capture all postoperative complications. Finally, several patients were lost to follow-up because they chose to continue their postoperative care at facilities closer to their homes, affecting our ability to capture all costs. Despite these limitations, our study provides important information.
Postoperative complications occur in the majority of melanoma patients following ILND. The frequency of lymphedema after ILND suggests that objective assessment, education in risk reduction, and early referral for lymphedema treatment in patients with symptoms of heaviness and/or mild swelling should be a part of routine postoperative care. The increased costs associated with postoperative complications, although likely underestimated, still serve as an indicator of the overall cost to society and emphasize the importance of reducing wound complications. Some clinicians have suggested that altering surgical techniques may help reduce morbidity, such as using a straight rather than an S-shaped incision and sparing the saphenous vein.
9,50-52 A more recent development has been the introduction of video endoscopic ILND, which is a minimally invasive technique reported to result in less postoperative morbidity in the first published reports. [53] [54] [55] [56] Such approaches must first demonstrate equivalent oncologic outcomes with respect to tumor recurrence. Following this, whether or not these approaches will prove to decrease the incidence of postoperative wound complications following ILND in larger studies is unclear, and further investigation is warranted.
